Abstract. The effect of IPDA, DDS, BPA and DICY, as main ingredient of TETA based hardener were examined. The 2 k design of experiment(DOE) with k=3 were preliminary explored. The designed parameters A(IPDA), B(DDS) and C(BPA) were assigned as low(-) and high(+) levels, respectively. The Design Expert TM was hired as the analyzing tool at =0.05. The mixed epoxy resin was based on the commercial one. The designed responds including tcure, t50, impact strengths, flexural properties and HDT were measured, respectively. Regarding to ANOVA conclusion, it was found that, there were no significant effects on the assigned parameters on the interested responds, except for the HDT where BPA(C) was negative effect was found. The lower in the crosslink density of cured epoxy, inferior in HDT, the higher in BPA addition was hypothesized. It was found that impact strength of cured epoxy derived from all formula were unacceptable low and tcure and t50, were too short. Thus, the further investigation by adding DICY into hardener was explored. The results showed that no significant change by mechanical means of cured epoxy by resolving 5-30 phr of DICY into the hardener. However, it was observed that the DICY added formula showed the obvious long cure times and behave as prepreg formula. The room temperature cured epoxy was incompletely crosslinked. The degrees of linear chain fragment were evidence, by weight, when higher DICY loading was engaged. Complete crosslink was achieved at 150°C post curing. The hardener comprised of TETA/aliphatic Epoxy(RD108) adduct was studied for enhancing the toughness of epoxy resin. It was observed that longer cure time at 150 o C but lower toughness was experienced, on both prepreg and engineered wood made from the resins, at high TETA/RD108 ratio. Incomplete cure was explained for the mechanical inferior at high RD108 loading.
INTRODUCTION
Wood is one of the costly natural resources for human. Moreover, it is also the most important raw materials for many industries such as furniture industry and building construction [1] . Nowadays, woods are decreased because of two factors; natural disasters such as flash flood and forest fire and human activities such as deforestation. Thus, manmade woods such as wood plastic composite(WPC) and engineered wood are among the most important sources for wooden construction materials. WPCs are appeared to be more artificially unattractive to the high end customers. The engineered woods, especially laminated veneer lumber(LVL), is one of the most promising materials for such clients. It has been successfully and popularly used in variety applications [2] . The engineered wood such as oriented stand wood(OSW), medium density floor(MDF), glued laminated timber(Glulam) and laminated veneer lumber(LVL) are typically made of wood waste or agro industrial waste with glues. Urea and phenol formaldehyde adhesives are commonly employed because they are low cost and abundant [3] [4] [5] [6] [7] [8] . However, the durability of the wood derived from those adhesives normally very low. Moisture swelling and insect invasion are easily found. Epoxy thermoset adhesive is among one of the best candidates to overcome the incompetency. However, epoxy resin is known as one of the brittle materials. There have been several scientific routes to improve the toughness of epoxy resins such as blending with tougher thermoplastics and chemically resin modification [9] [10] [11] [12] [13] .
In this research work, the wood foam core, prepared from epoxy resin and natural fibers, for manufacturing lightweight LVL is the main goal. The in-house epoxy resin formulation with good toughness and long curing time at temperature above 150 o C was preliminary investigated and partially reported in this publication. Chemical and physical foam formation to reduce the density without scarifying the mechanical means will be also further studied. The statistical approach, design of experiment(DOE), is known as the best method to remove the insignificant parameters in the research experiment. So, it was employed as initial tool for eliminating the irrelevant parameters in the epoxy formulation process.
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EXPERIMENTAL PROCEDURES
Materials:
The main materials used in this work were classified into three groups; epoxy resins, fiber glass woven and wood four. The in house epoxy resins were prepared from DGEBA based epoxy, YD 127 and YD 515, novolac, YDPN 631, and reactive diluent, RD 108. They were kindly supplied from Aditya Birla(Thailand). Hardeners were formulated from TETA, IPDA, DDS, BPA(Bisphenol A) and DICY. Epoxidized silane, Silquest A-187, was used to improve the interfacial adhesion between epoxy matrix and fiber. All the chemicals were commercial grad and available locally. Fiber glass woven with area density of 100 g/m 2 was employed. The eucalyptus wood fiber supplied from local MDF manufacturer was vacuum dried at 105°c for 4 hours. All of the chemicals were used as received.
Design of Experiment (DOE):
The 2 k design of experiment with k=3 and, therefore, eight designed matrices was constructed to analyze the significant effect of main ingredient of hardener. Parameters A, B and C were amount of IPDA, DDS and BPA, respectively. The levels, high(+) and low(-), for each parameter was summarized in Table 1 
Run No. Factors
Samples Preparation: Neat specimen, with the thickness approx. 5.0 mm, was prepared by mold casting. Saw cut pieces were post cured at 90°C for 4 hours. The prepreg on glass woven was also attempted. The prepreg FRP sample with 10 layers was achievably pre-consolidated by vacuum bag process at 150°C for 30 mins and then allowed to completely cure at 150°C for 2 hrs. The FRP test samples were cut into the required dimension, trimming and post cured at 150°C for 12 hrs. The engineered wood test pieces were manufactured by mixing, in high speed mixer, wood four and epoxy resin at the resin content of 40 phr. The approx. 5 mm thick engineered wood was consolidated on compression molding at 120 kgf/cm 2 and 180°C for 4+4 mins. The required dimension test samples were saw cut and post cured at 120°C for 12 hrs. Cure Properties Measurement: The cure time(tcure) and t50 of the epoxy formulation were obtained from 50 g mixed test procedure. The temperature profile during curing was recorded by data logger and transfer into time and temperature plots. The times to reach 50°C and at max. temperature were defined as t50 and tcure, respectively. Performance Testing: Flexural properties with three point bending fixture, Izod impact strength, notched and unnotched and HDT testing of the samples were in accordance with ASTM standards. Durability evaluations of the wood were reported as water absorption and thickness swelling for 24 hrs and 1 week. The standardized methods were also followed. The fracture traces of the impact testing were investigated by scanning electron microscope (SEM). Table 2 summarized the design responds derived from the run matrix shown in Table 1 . As mentioned above, by applying the test data for each design respond into ANOVA analysis at =0.05, it was unexpectedly found that all of the responds, except for HDT, of neat epoxy sample derived from the designed hardener have no significantly affected, >0.05, by IPDA, DDS and BPA. Figure 1 displays the normal plot between the standardized effect of the parameter and also the interacted parameters of the HDT respond. The ANOVA result is also included in the plot. It is seen that the amount of aromatic diphenol, BPA(C), is negative effect(-C) for HDT and it is obviously out of the linear trend line. It also shows the p-value of 0.0035. According to the set criterion, if p-value below 0.05, it means that the obtained parameter is significantly effect to the designed respond. Therefore, it can conclude that BPA is significantly negative effect to the HDT of cured epoxy formulation; hardener having high BPA content will lowering the HDT of the cured epoxy resin. The postulation of the BPA negative effect would be lowers the functionality comparing with IPDA causing the lower in network density and hence decreasing in the HDT. 
RESULTS AND DISCUSSION
DOE analysis:
FIGURE 1. Normal plots of standardized effects and normal probability of the HDT respond
Effect of DICY contents: As manifest at the beginning of this publication that excellent in mechanical properties, especially toughness, without scarifying the curing characteristic is one of the main aims for work. Dicyano diamine (DICY) is generally used in the prepreg formulation. Prolong cure time and better mechanical properties are among the benefit for adding DICY into the hardener. In this study, DICY, from 5 to 30 phr corresponding to TETA, was additionally mixed with the hardener from Run#4. Expectedly, further improvement of impact strength and increasing the cure time would be observed. It was observed, during mold casting at room temperature, that all mixed resins with DICY added were not able to completely cure, soft partially cured resin evidenced, at ambient for 12 hours. Curing time measurement at 50 g mixed by monitoring the time/temperature profile was also impossible. Further curing at above 90°C for several hours was conducted. The cut samples were then post cured at 110°C for more than 12 hrs. The observation indicates that DICY addition would either increase the cure time or manipulating the stage B curing as found in the prepreg formulation. Therefore, the fiber glass prepreg sample were produced and tested. The test result obtained from neat and prepreg specimens are summarized in Table 3 . Visual surveillance, it is noticed that the mechanical properties of both neat and prepreg are decreased with increasing the DICY loading. Within the statistical deviation, HDT test results of neat and prepreg are roughly not affected by DICY addition. The inferior of the mechanical characteristic with increasing the DICY loading is due to the incomplete cure of the resin. It was observed by SEM, Figure 2 , the CH2Cl2 etched of 110°C post cured sample was corroded. It also confirmed by weight loss measurement that the % loss of 110°C post cured is increased with increasing the DICY content. However, by elevating the post cure temperature to 150°C, it reveals that the sample is nearly 95% cured. This cure conditions were adopted for the next specimen production. TETA and Reactive Diluent Adduct: TETA is low viscosity and multifunctional hardener for epoxy resin. High crosslink density, hence brittle material, is commonly occurred by using TETA based hardener. The extension of TETA chain by adduction with linear epoxide resin to form the "adduct" product is common way to resolve the incompetency. In this publication, the TETA adducted with linear glycidyl ether base epoxy(RD108) for enhancing the impact strength of the resin was examined. Table 4 concludes the test results of prepreg and wood manufactured from the epoxy resin cured with hardener consisted of TETA/RD108 adducts having the ratio of 20 to 60 phr of RD108 in corresponding with 100 part of TETA. 0 phr formulation means no "adduct". The results, both from prepreg and wood, indicate that the mechanical performances are generally decreased with increasing the RD108 ratio in the TETA adducted. Unexpectedly, the test data reveal that the materials become brittle with RD108 adduction. The HDT is also apparently lowered when the RD 108 ratio is raised. It was observed during the curing of the prepreg by vacuum bagging at 100°C that the FRP samples with RD 108 content more than 30 phr were not able to be completely cured. Further curing at 150°C for hours were attempted to drive the competition. Therefore, the inferiority of the mechanical and thermal properties of the samples with high RD108 ratio could be caused by the incompletely cured resin. It is also confirmed by the weight loss investigation where the % loss increase with increasing the RD108 fraction. The uncured phenomena is also seen in the % water absorption and swelling of woods shown in Table 5 where the increasing in the % values with the increasing in the RD 108 ratio. 
CONCLUSION
The ANOVA conclusion derived from DOE conclude that BPA was negative and significantly effect to the HDT of cured epoxy formulation. Low functionality of BPA gave rise to low network density and hence decreasing in the HDT was postulated. The inferior of the mechanical characteristic with increasing the DICY loading onto the hardener was evidenced. Incomplete crosslink of cured resin at high DICY loading was responsible for the mechanical incompetency. Hardener with TETA/RD108 adduct showed the mechanical and thermal inferiority. Using hardener with high RD108 ratio caused the incomplete crosslink of the resin. The statement was confirmed by the weight loss investigation where the %loss increased with increasing the RD108 fraction.
